A microscopic analysis of the dynamic structure factor in a simple interacting Boson system at T 0 shows that the coherent two-phonon backflow leads to the breakdown of the one-phonon Feynman relation for the statis structure factor at order k 3.
We report the results of a microscopic analysis of the dynamic structure factor [1] S(k, w) and its moments 3m (k) = dw dS(k ,.,) for a system of Bosons of mass m at zero temperature and density n to the first approximation beyond the Bogoliubov (zeroth) approximation. The two-body interaction u is characterized by the s-wave scatteringlength and is taken to be a constant in k-space. The small dimensionless parameter g = 4irams 0,
1/2/m is the phonon speed in the zeroth approximation. We choose units such that h = m = s 0 1. We write S(k,~) as a coherent one-phonon part, gS1(k,~,) = Z(k) 6(o -~), and a multi-phonon part [2, 3] .
In order to isolate the effects of backflow, S1 is constructed to exhaust the f-sum rule, gS1(k) =~_-k 2 thus, Z(k) = k2/2t~kand~is the energy of the one-phonon excitations. The form of the multiphonon term and the k-dependence of Sm(k) is of interest.
The method of calculation of S(k, c...) is based on the generalized dielectric formulation [4] of Bose systems and can be outlined as follows. We relate S(k, o.,) to the density-density response function 
where the integrals on the right hand side of eq. (2) are given explicitly in ref. 
For large w and k-+ 0, X(')(k, w) scales as (7/120ir2)~f3I2(k2/u.)2[1 + O(k2/w)].
The first-order processes corresponding to~Sfj), and x(') can be given a simple physical interpretation. represents the production of a real phonon to 0(g) that exhaust the f-sum rule.~corresponds to the production of a real phonon in 0(g°)that is surrounded in 0(g) by two virtual phonons, i.e., backflow. x(1) can be interpreted as the production of a virtual phonon that subsequently decays into two real phonons, giving rise to a background.
It can be seen from the above that
where X~'kk)_J'~°dw wmX(lkk, w) = xm k4 + represents the contribution from incoherent two-phonon background. From the large w behavior of X(')(k, w) we see that X~fl(k)and hence S,~(k)is divergent for m~' 3. Thus our perturbation expansion for the moments Sm(k) breaks down for m~' 3 and our form for S(')(k,~) holds only for w < 1/g. For -1~m~2 the perturbation expansion of Sm(k) is well-defined through 0(g), and x.. As discussed in ref. [5] the logarithmic term in S~'~(k) might be expected in superfluid helium. In ref. [2] general arguments for the leading k4 dependence of X~')(k) were given; we now present similar arguments for the k3+~contribution of the coherent multiphonon backflow which was negelcted in ref. [2] . We write [2] Sm(k) = E~I(n~p~0)~2(~0 )m. The contribution of the multiphonon backflow can be written -~(0IpkIl>(l~Bkp~I0)(wlO)'w here Bk is the matrix element of the square of the backilow operator~= kJI/w. In the limit k -+ 0, the backflow current is finite from hydrodynamical considerations and the excitation energy~is finite because of the multiphonons; thus p~"~k and Bk~' k 2. It is easy to show [2] that (lIp~I0)-~k"2, and since~k the multiphonon backflow contribution to Sm(k)~k3~.
